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THE  STEREOTAXIC  METHOD  AS  AN  EXPERIMENTAL  PROCEDURE  FOR 

STUDYING  BRAIN  ACTIVITY 


/Following  is  a  translation  of  an  article 
by  A.  la,  Mohylevs 1 kyy  in  Fiziologichnyy  Zhurnal 
(Physiology  Journal),  Vol,  VI,  No.  1,  I960, 
pages  3-20^/ 

Neurosurgeons  and  neurophysiologists  have  long  under¬ 
stood  that,  for  precise  selective  stimulation  or  destruction 
of  the  subcortical  nuclei,  manual  surgical  techniques  are 
inadequate.  This  is  due  to  the  fact  that  sometimes  such 
procedures  have  caused  extensive  traumatization  of  tissues, 
that  profuse  hemorrhages  have  often  developed,  and  that 
serious  threats  of  concurrent  infections  have 'been  created 
(BekhteryeV  and  Mislavs’kyy,  1891  (5);  Probst,  1900  (84), 
and  others.  ' 

Therefore,  some  investigators  have  began  to  use,  for 
purposes  of  destroying  subcortical  structures,  needles 
through  which  chemical  substances  can  be  introduced  which  de¬ 
stroy  the  tissues  of  the  brain  in  the  region  of  the  needle 
tip,  or  through  which  a  direct  *  current  of  electricity  can 
be  admitted  under  high  voltage.  • 

The  electrolytic  method  of  selective  destruction  of 
subcortical  nuclei  and  of  stimulation  of  them  with  an  elec¬ 
tric  current  was  first  used  by  1,  N.  Simonov  in  1866  and  by 
V.  M.  Befchteryev’s  associate,  KholHsinger,  in  1895* 

In  order  to  enhance  the  precision  of  access  to  appro¬ 
priate  regions  of  the  brain,  a  number  of  authors  began  to 
work  out  the  prerequisites  for  proper  orientation.  However, 
there  was  much  empiricism  and  pure  chance  in  many  of  these 
studies. 

An  important  step  in  the  development  of  experimental 
neurophysiology  was  the  invention  of  the  stereotaxic  method 
of  anatomical -physiological  studies  of  the  brain  in  1908  by 
Horsely  and  Clark  (64).  This  method  at  once  substantially 
increased  the  accuracy  of  placement  of  electrodes  or  other 
instruments  in  the  necessary  areas  of  the  brain,  and  the 
simplicity  and  accessibility  of 'the  method  expanded  the  range 
of  neurophysiologic  experiments.  It  is  important  to  empha¬ 
size  that  the  placement  of  electrodes  by  the  stereotaxic 
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feethod  came  to  be  performed  by  a  practically  bloodless  tech' 
nigue , .and  the  minimal  traumatization  of  the  brain  consider' 
ably  lightened  the  course  of  the  postoperative  period  and 
increased  the  survival  rate  of  animals  subjected  to  opera- 


•cion.  - 


•  '.Principles  of . the  Stereotaxic  IJethod 

She  stereotaxic  method  is  based  on  the  principles  of. 
determination  of  the  position  of  the  subcortical  nuclei 
wiuh  respect  to  the  intersection  of  mutually  perpendicular 
planes  itiich  transect  certain  portions  of  the  skull  and 
cram.  the  method  of  horse  ly  and  Clark  involve  s'  •  such.  planes 
of  departure ,  or  as  they  call  them,  "null"  planes,  as  the 
following:  .  *  •  9 

/,  the  basal  "null"  horizontal  plane  ivhich  passes 

oe  tween  the  centers  of  the  external  auditorv  canals  and  the 
inferior  borders  of  the  orbital  fossae. 

(2)  the  sagittal  "null"  plane,  which  passes  through 
uhe  skull  between  the  hemispheres  in  the  sagittal  direction. 

(3 )  the  "null"  frontal  plane,  which  passes  through, 
tne  centers  of  the  external  auditory  canals  'perpendicularly 
to  the  basal  horizontal  "null"  plane. 

Therefore,  all  planes  are  oriented  at  right  angles 
to  one  another.  The  fact  that  in  the  majority  of  animals 
tne  basal  "null"  plane  (horizontal)  lies  beneath  the  base 
n;  the  brain  throughout  almost  Its  entire  extent  has,  of 
ucurso,  complicated  the  calculation  of  the  coordinates,  in 
connection  with  which,  this . plane  was  subsequently  raised, 
ten  mm#  _  Some  authors  define  the  basal  horizontal  plane  as 
one  .passing  between  the  centers  of  -the  auditory  canals  and 
the (__superi or  .b orders  of  the  orbital  fossae,  which,  -  according 
to  'whittier  and  llettler*  more  .nearly  corresponds  to  the 
long  axis  of  the  brainstem. 

To  perform  an  experi¬ 
ment  with  the  stereotaxic 
.  V*  method,  it  is  necessary  to 

place  the  head  of  the  animal 
in  a  stereotaxic  apparatus 
f  /  p^y,/  r jr%f  and  to  orient  ft  carefully, 

m/  /  :/L5^s6/J  '  -or  this  purpose,  metal  rods 

*? — ,<r^aySSi^t£  are  introduced  into  the  ex- 
I*  ternal  auditory  canals  until 

they  rest  against  the  bony 

> — ,  r  ...  ring  of  the  canal.  Then  the 

-n,v„  -j  .  iTtl:  _  head  is  secured  by  a  special 

i2,  -:>^aiies  headgear,  the  uppermost  pro- 

.!.or  use  ca^  brain  jections  of  which  fit  against 


r/ 


X  ( 

sal 


ig.  1.  Tile  "null"  planes 
for  the  cat  brain 


'the  inferior  edges  of  the.  orbital  fossae,  and  carved  pres*»"~? 
sure  rods  fit  behind  the  teeth  and,  by  pushing  up,  fix  the 
upper  jaw,  ..Turning  the  apparatus  brings  the  head  into  a 
position  such  that  the  inferior  edges  of  the  orbital  fossae 
centers  of  the  external  auditory  canals  are  in  the 


?V.  . 

>1  V 


^aafcvj. .  norisoiital  plane  of  the  apparatus.  In  the  majority 
of  apparatuses  this  process  of  arranging  congruence  is  com¬ 
pleted,  immediately  upon  fixing  .the  •  head.  Certain  difficul¬ 
ties  arise  from  the  insertion  of  the  rods  into  the  external 
auditory  canals,-  especially  in  dogs,  due  to  the  curvature 
of  the  cartilaginous  portion.  In  order  to  facilitate  this 
sten  in  the  procedure,  it  is  necessary  to  straighten  out 


the  auditory  canal  by  retractin 
lows  nf  e'-ld  and  Altman 
propose  the  use  of . curved 
rods  for  quick  and  a trauma - 


the  ear. 


4-4 


insertion  of  the  elec¬ 


trodes, 

in  essential  condi¬ 
tion  in  working  with  store o- 
taxic ' instruments  is  care¬ 
ful'  verification  of  the 
%ull 0  'position,  .Upon  bring¬ 
ing  -the'  ends  of  the  electrodes 
to  the  centers  of  the  rods 
or  to  the  control  column,  all 
scales  of  the  apparatus  should 
register  aero, 

.  After  se curing  and 
orienting  the  head,  it  is 
necessary  to  ascertain  the  . 
prolections  of  the  desired 
subcortical  nuclei  into  which 
;he  electrodes  are  to  be 
place d ,  Per  this  purpose , 


■hbc 


•«+ 
>.0  w 


;ereotaxic  coord: 


L« 


na-jes  nay  oe  round.  in  at< 


2#  Kodel  of  a  stereotax¬ 
ic  apparatus  devised 


oy  .L'oven* 


JUwi- 

r'\? 


or  in '  suitable  tables,,  -f el *d  and  Al’traan 


-nese  reierences  snow  me  . 
area  occupied  by  the  nuclei 

in  each  frontal  section,  the  sections  being  taken  at  one  mm 
intervals.  All  sections  which  proceed  rostrally  from  the  :. 
frontal  -'‘null"  plane  are  marked  with  a  .plus  sign  (+).,  along 
with  a  number  indicating  in  millimeters  the  distance  of  the 
section  from  the  "null”  plane,  and  those  proceeding  oaudally 
are  similarly  marked,  but  with  a  minus  sign  (-).  In  the 
selected  section,  the  area  is  next  determined  for  the  given 
nuclear  formation  with  respect  to  its  position  in  relation 


.  3... 


to  the  basal  horizontal  "null"  plane.  The  vertical  projec¬ 
tions  are  designated  with  a'plus  sigh  (+)  if  they  lie  above 
the  "null"  horizontal  plane*  and  with  a  minus  sign  (-)  when 
the  position  is  inferior  to  it*  likewise,  the  medial  and 
lateral  projections  are  determined.  On  the  surface  of  the 
skull  the  pro jectiohs  of  the  selected  nucleus  are  brought 
into  congruence  by  adjusting  the  apparatus  until  there  is 
agreement  between  the  readings  on  the  scale  and  the  values 
given  in  the  atlas  for  the  coordinates  of  the  nucleus. 

At  the  points  on  the  skull  thus  determined,  the  skull 
is  trephined  and  the  dura  mater  penetrated.  By  adjusting 
the  micromanipulator  of  the  apparatus,  the  electrodes  are 
introduced  into  the  required  nucleus  depending  on  the  depth 
of  its  position  and  its  relationship  to  the  basal  null 
horizontal  plane.  In  doing  this,  it  is  necessary  to  keep 
in  mind  that  in  some  atlases  the  horizontal  plane  xs  ten  mm 
higher.  In  a  number  of  cases  the  electrode  is  inserted  care— 
fully  at  an  angle,  especially  in  experiments  involving . the 
retrotentorial  portion  of  the  brainstem.  The  mi 6r ©manipula¬ 
tor  ensures  precision  of  insertion  and  placement,  as  well  as 
displacement  of  the  microelectrode  during  changes  of  posi- 
tion  involving  distances  calculated  in  microns  and  parts  ox 
a  micron.  The  stereotaxic  instrument  may  also  be  used  for 
microelectrode  recording  of  the  potentials  of  individual 
neurons  of  the  cerebral  cortex  and  the  spinal  cord. 


Stereotaxic  Atlases 


For  insertion  of  electrodes  into  the  brain  by  the 
stereotaxic  method,  it  is  necessary  to  know  the  topography  of 
the  nuclei  of  the  brainstem  at  different  cross-sectional 
levels  in  their  spatial  configurations  and  their  relations 

to  the  "null"  planes,  . 

A  general  anatomical  orientation  in  these  masters  is 


§1 ^en*  (a)  for  monkeys,  by  the  atlases  of  Monnier  (81)  and 

Olszewski  (83);  '•  hA,» 

(b)  for  rabbits,  by  the  atlases  of  Warren  (104), 

Meesen  and  Olszewski  (79),  Rose  (91),  Winkler  and  Potter 
(106),  and  others;  ' 

(c)  for  cats,  by  the  atlases  Of  Monnier  (81),  Ingram, 

Hannet  and  Ransom  (67),  Hess  (60,  61,  62),  Winkler  and  Pot¬ 
ter  (106),  and  Rioch  (87);  /cr[-v 

(d)  for  dogs,  by  the  manual  of  Elenberger-Baum _ v53 ) , 
the  Atlas  of  the  Brainstem  in  Humans  and  Animals  published 
by  the  Brain  Institute  of  the  Academy  of  Medical  Sciences 
USSR  (1),  the  manuals  of  Flatau  and  Jacobsohn  (56,  the  atlas 
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of  Hoffman  (63 ) »  and  the  thorough  works  of  Riooh  (87,  88,  89), 
which  are  devoted  to  studies  of  the  configuration  of  the  nu¬ 
clei  ' of  the  optic  tubercles  and  of  the  fibers  which  connect 
them. 

On  the  basis  of  these  antomico-histologic  atlases  of 
the  brainstem  of  different  animals,  a  number  of  experimenters 
and  morphologists  have  published  special  stereotaxic  atlases 
and  guides. 

It  is  pertinent 'to  list  some  of  these  here: 

(a)  for  monkoys,  the  atlas  of  Olszewski  (83 ) j 

(b)  for  cats,  the  atlases  of  Jasper  and  Aymone-Marsan 
(68),  Jimenez-Castellanos  (69),  and  also  of  Reinoso  (85); 

(c)  for  ratsj  the  atlas  of  Krieg  (72); 

(d)  for  dogs,  the  tables  of  position  of  some  of  the 
subcortical  nuclei  of  the  brainstem  compiled  by  leontovich 
and  Mering  (19)  and  by  Mogilevs’kyy  (24). 

In  working  out  the  coordinates  for  stereotaxic  atlas¬ 
es  of  the  brain,  use  is  ordinarily  made  of  formalinized  brain 
tissue  from  animals  in  which,  prior  to  the  study,  the  skull 
of  the  animal  is  removed  and  the  brain  dissected  away  in 
situ  in  the  frontal  and  horizontal  planes  until  the  desired 
brain  structures  are  exposed.  Then  the  head  is  secured  in 
the  stereotaxic  apparatus  and  the  ends  of  the  electrodes  are 
approximated  to  the  given  nuclear  formation.  The  positions 
of  the  nuclei  are  then  read  from  the  scale  of  the  stereotax¬ 
ic  apparatus. 

This  method  is  used  in  several  modifications.  Thus, 
loewenfeld  and  Altman  (77 )  remove  only  half  of  the  vaillt  of 
the  skull  and  measure  the  vertical  coordinate.  With  a  median 
sagittal  section  they  remove  half  of  the  brain  down  to  the 
level  of  the  tentorium,  which  permits  visualization  of  the 
cortex  and  brainstem  to  the  level  of  the  protuberances  of 
the  corpora  quadrigemina,  After  this,  at  various  intervals 
along  the  sagittal  ’’null"  plane,  measurements  are  made  of 
the  coordinates  of  the  contours  of  the  visible  formations 
of  the  brain.  Since  the  midline  ordinarily  is  not  known 
precisely  in  the  brain,  measurements  are  made  two  mm  from 
it.  The  structures  of  the  brainstem  are  ordinarily  measured 
in  the  midline,  since  for 'them  the  midsagittal  plane  is  a 
natural  plane  of  division.  \  ' 

In' connection  with  the  fact  that,  at  a  given^age, 
condition,  and  sex,  the  measurements  and  configurations  Of 
the  skull  and  brain  in  many  animals  (cats,  monkeys,  rats, 
rabbits)  are  relatively  constant,  the  compilers  of  atlases 
compute  arithmetic  averages  for  the  values  of  the  coordinates 
of  the  desired  nuclei.  Such  a  method  affords  the  possibili¬ 
ty  of  representing  diagrammatically  the  average  contours  of 
the  brain  formations. 
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There  are  also  other  methods  of  stereotaxic  descrip¬ 
tion  and  recohstruction  of  the  brain  in  three  dimensions. 

With  one  such  method^  fine  Wires  are  passed  along  the  basic 
’’null"  planes  which j  after  formalinization  of  the  brain,  are 
withdrawn,  and  serial  sections  are  then  made  of  the  brain. 
With  the  use  of  these  sections  it  is  easy  to  compute  the  re¬ 
lationship  of  any  nucleus  to  the  residual  defects  left  by 
the  wires  in  the  tissues  along  the  "null"  planes.  This  is 
the  principle  underlying  the  stereotaxic  atlas  of  the  brain 
of  Jasper  (68),  By  semi schematically  superimposing  tracings 
of  the  nuclear  formations  of  every  tenth  section  of  the^ 
brain,  Jimenez-Castellanos  (69)  has  been  able  to  investigate 
the  changes  in  directions  of  nuclei  and  has  produced  with 
this  method  a  three-dimensional  model  of  the  nuclei  of  the 
optic  tubercles. 

In  the  atlas  of  Hess  (60),  the  positions  of  the  sub¬ 
cortical  nuclei  of  the ’ brainstem  of  the  cat  are  calculated 
in  angular  coordinates.  The  original  or  "null"  point  in 
this  technique  is  the  point  of 'inter sedtion  of  the  coronal 
suture  with  the  sagittal  plane.  Since,  in  the  compilation 
of  the  atlas,  the  electrodes  were  projected  on  the  formations 
of  the  brainstem  and  6f  the  cortex  with  respect  to  medial 
sections  of  the  brain,  the  possibility  is  afforded  of  deter¬ 
mining  the  proper  depth  for  the  electrodes  upon  insertion 
through  any  point  in  the  skull, 

Reinoso  (85)  in  his  atlas  endeavors  to  work  out  the 
coordinates  of  a  number  of  morphologic  formations  of  the 
brainstem  of  the  cat  by  combining  in  this  atlas  the  stereo¬ 
taxic  method  and  the  method  of  Hess,  for  which  purpose  he 
carefully  measures  the  thickness  of  the  calvarium  above  the 
projection  of  the  formation  in  question  and  compares  them 
with  a  whole  series  of  bone  orientations, 

Desmedt  and  Franken  (52)  have  described  the  retroten- 
torial  portion' of  the  brainstem  in  cats  in  angular  stereotax¬ 
ic  coordinates,  in  connection  with  the  fact  that  this  part 
of  the  brainstem j  as  it  were,  is  covered  by  the  osseous  cere¬ 
bellar  tentorium.  These  investigations  have  considerably 
facilitated  the  performance  of  experiments  on  the  medulla 
oblongata  and  the  pons  Varolii  using  the  stereotaxic  method. 

Stereotaxic  Apparatus 

There  are  several  types  of  stereotaxic  apparatus, 

(1)  The  rectangular  stereotaxic  apparatus  of  Horsely 
and  Clark  which  is  oomposed  of  two  parts:  (a)  a  basic  hold¬ 
ing  device  for  immobilization  of  the  head  andfor  the  desig¬ 
nation  of  the  primary  planes,  and  (b)  a  quadrilateral 
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rectangular  calibrated  frame  on  which  the  electrode  device 
is  mounted},  The  electrodes  in  this  apparatus  move  parallel 
to  the  "null"  planes.  Clark  and  Henderson  (47),  and  later 
Harris  (59)  added  to  this  apparatus  a  mechanism  for  chang¬ 
ing  the  angle  of  inclination  in  the  sagittal  plane ?  and 
Spiegel  and  Miller  (95)  brought  about  the  possibility  of 
sterilizing  the  instrument. 

(2)  The  equatorial  stereotaxic  apparatus  of  Clark  and 
Henderson,  which  consists  of  (a)  a  Securing  device  for  the 
head  and' (b)  a  small  rotating  table.  This  table  comprises 
two  flat,  concentric  rings.  The  outermost  ring  can  be  rota¬ 
ted  in  a  circle  and  supports  a  circular  arc  which  passes 
over  the  surface  of  the  skull.  An  electrode  device  is  moun¬ 
ted  on  the  circular  aro  in  such  a  fashion  that  it  can  be 
moved  along  the  arc  and  placed  at  any  desired  angle  regard¬ 
less  of  the  position  of  the  arc.  This  instrument  permits 
universal  insertion  of  the  electrodes  and  at  the  same  time 
allows  various  approaches  to  the  subcortical  structures. 

Brown  and  Henry  (40),  in  1935,  constructed  an  appara¬ 
tus  which  consists  of  a  single  piece  comprising  the  securing 
device  for  the  head  and  the  circular  aro,  which  can  be  rota¬ 
ted  in  the  rostrocaudal  direction  about  an  axis  passing 
through  the  centers  of  the  external  auditory  canals.  In 
this  apparatus  the  electrodes  can  be  insterted  in  various 
planes  and  at  various  angles.  Carpenter  and  Whittier  (45) 
call  this  apparatus  a  "combination  of  the  head-holding  de¬ 
vice  and  of  the  manipulator  of  the  goniometer", 

(3)  Modern  stereotaxic  apparatus  with  micrOmanipula- 
tors  must- be  simple  to  prepare  and  to  use,  sturdy,  of  great 
precision,  and  mast  also  permit  insertion  of  the  electrodes 
in  any  direction.  A  large  number  of  diversified  stereotaxic 
apparatuses  are  now  known  which  have  been  recommended  for 
operations  on  the  brains  of  several  species  of  animals. 

Carpenter  and  Whittier  report  on  the  as-yet  unpub¬ 
lished  construction  of  the  stereotaxic  apparatus  of  Carlyle 
and  Petri  and  the  modification  of  it  by  King  and  his  associ¬ 
ates  for  monkeys.  The  stereotaxic  instrument  of  Carpenter 
and  Whittier  (45)  for  monkeys,  cats,  and  certain  other  la¬ 
boratory  animals  is  a  U-shaped  frame  with  devices  for  the 
ear  rods  and  with  a  support  for  the  superior  or  inferior 
borders  of  the  orbital  fossae,  which  together  define  the  ba¬ 
sal  "null"  horizontal  plane,'  At  the  edges  of  the  frame  is 
a  universal  micromanipulator,  mounted  so  as  to  be  mobile, 
with  the  electrode  device.  With  the  aid  of  the  micromani¬ 
pulator  the  electrodes  may' be  inserted  rectilinear ly  in  any 
direction  and  at  any  angle,  and  rotary  motion  may  also  be 
effected. 
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Stellar  and  Krause  (98)  have  proposed  a  stereotaxic 
Instrument  for  small  laboratory  animals  constructed  in  ac¬ 
cordance  with  thi 5  equatorial  principle.  ___  _ 

Attention  is  merited  by  the  curious  construction  of 
the  stereotaxic  apparatus  of  Beattie  (36)  for  experiments  on 
the  brains  of  white  rats,'  In  this,  use  is  made  of  the  prin¬ 
ciples  of  the  panthograph,  in  which  a  system  of  levers  pre- 
cisely  duplicates  the  finest  movements  of  the  receptor  de¬ 
vice  in  ratio  of  1:4,  In  the  apparatus  the  micromanipulator 
is  closely  connected  with  one  end  of  the  panthograph,  the  . 
other  end  of  which  is  moved  about  an  enlarged  contour  draw¬ 
ing  or  chart  of  the  surface  of  the  brain  of  a  given  animal. 
The  head  of  the  animal  is  held  in  a  strongly  secured  posi¬ 
tion  so  that  the  point  of  intersection  of  the. bregma  and  the 
sagittal  suture  corresponds  to  the  corresponding  point  on 


Upon  placing  the  rod  of  the  receptor  instrument  of  the 
panthograph  on  the -picture  representing  the  nucleus,  as 
drawn  on  the  chart,  the  electrode,  which  is  faxed  in  the  mi- 
cr omanipulat or ,  is  located  precisely  over' the  projection  of 
the  desired  nuclear  formation  in  the  brain.  This  principle 
has  been  used  by  Krieg  for  experiments  on  white  rats. 

Of  the  existing  stereotaxic  instruments,  mention 
should  be  made  of  the  apparatus  of  Lister  and  Sherwood  (75) 
in  which  a  micromanipulatora  and  a  securing' device  are  com¬ 
bined,  The  model  of  Bella  deserves  mention,  also.  These 
apparatuses  belong  to  the  class  of  linear  stereotaxic  in«v 
struments.  Stereotaxic  apparatuses 'have  been  described  _or 
cats  by  Loewenfeld  and  Altmann  (77),  for  small  laboratory- 
animals  by  Clark  (46),  for  monkeys  and  cats  by  Harrison  (59), 
and  also  for  cats,  dogs,  and  certain  other  smaller  labora- 
toryanimals  by  Oort  Sni  Harding  (49).  In .  the  .latter  appa¬ 
ratus, 'instead  of  moving  the  electrode  device  m  different 
planes,  the  head  of  the  experimental  animal  is  moved.  Men¬ 
tion  should  also  be  made  of 'a  model  for  stereotaxic  appara¬ 
tus  for  dogs  described  by  V,  Traczyk  (101),  Hume  and  Can- 
ong  (66)  have  proposed  a  linear  rectangular  type  of  stereo¬ 
taxic  instrument  for  dogs  and  monkeys. 
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v;ftb  pantlio graphic  construction. 
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.  In  the  institute  of  ITornal'  and  Pathologic  Biysio- 
°Sy  of  the  Academy  of  Sciences  USSR,  Durinyan  and  Bart- 
sel’  (12)  have  constructed  an  original  stereotaxic,  appa 
a  Iras  which  the  authors  call  the  ”  stereotaxic  -instrument 
3-1-57'*.  I’hls  apparatus  belongs  to  the  class  of  root-, 
ngular  linear  constructions  and  is  designed  for  expedi¬ 
ents  'on  oats  and  certain  small  laboratory  animals*  3pe 
iai  devices  in  this  apparatus  permit  placing  the  head 
2  the  animal  at  any  angle  of  Inclination,  and  the  micro 
anipulator  of  the  apparatus  effects  movement  of  the 


electrodes  in  three  mutually-perpendicular  planes  with  a  pre¬ 
cision  of  up  to  ten  microns.  Particularly  clever  is  the  in-' 
elusion  in  the  apparatus  of  a  device  for  warming  the  animals, 
and  also  an  adaptor  for  purposes  of  experiments  on  the  spinal 
cord 

Meshcherskiy  (23)  reports  on  an 'improved  stereotaxic 
apparatus  for  small  laboratory  animals, 

Chereshnev  (33)  has  devised "a  simplified  apparatus, 
similar  to  a  stereotaxic  apparatus,  for  inserting  electrodes 
into  the  hypothalamus  in  the  dog.  The  apparatus  is  provided 
with  a  special  head-holder  and  with  a  needle  for  mechanical 
destruction  of  the  hypothalamic  region;  for  insertion  of 
electrodes  into  subcortical  structures,  use  has  also  been 
made  of' various  adaptors,  holders,  oriented  directional 
sleeves,  and  cannulas  which,  ordinarily,  cannot  compete  in 
precision  with  the  stereotaxic  method  (Hess  (60);  Knowles 
(71);  Pavlygina  (27);  Kogan  (14);  KLetskin  (70);  Maire  (78) 
and  others). 

A  number  of  subcortical  formations  can  easily  be  de¬ 
monstrated  by  filling  the  ventricular  system  of  the  brain 
with  a  substance  which  is  radio-opaque  (sodium  urocon  in  an 
amount  of  0.1  ml).  The  recording  of  ventriculograms  permits 
recognition  of  the  silhouettes  of  the  ventricles,  the.hypo- 
thalamus, '  and  the  formations  which  border  upon  the  third 
ventricle, "as  well  as  the  massa  intermedia  and  the  corpora 
mamillaria.  Using  calculations  derived  from  the  ventrioulo- 
grams,  Hume  and  Canong  (66)  have  inserted  electrodes  very 
precisely  into  the  hypotMlamus  of  the  dog  with  the  use  of 
the  stereotaxic  apparatus.  The  principle  of  roentgen  con¬ 
trol  'has  also  been  used  in  the  experiments  of  Chereshnev 
(33),  The  incorporation  of  both  stereotaxic  and  roentageno- 
graphic  apparatus  into  a  single  instrument  indisputably  has 
great  prospects.  Mention  may  also  be  made  of' the  use  for 
this  purpose  of  roentgenographic  "grat”  ^  ?_/,  which  may 
facilitate  considerably  the  simultaneous  use  of  both  of  these 
methods. 

Determination  of  the  localization  of  the  Electrodes 

The  coordinates  of  a  number 'of  the  subcortical  nuclei 
cannot  always  be  precisely  located.  To  a  considerable  ex¬ 
tent  this  depends  on  individual  variations  in  the  skull  and 
brain  of  the  animal  being  studied,  on  the  use  of  different 
orientors  and  planes  of  section,  and 'also  on  the  slightest 
flaws  in  the  instrumental  techniques.  Thus,  loewenfeld  and 
Altman  (77), 'in  analyzing  the  sources  of  possible  errors  and 
divergencies,  call  attention  to  the  mechanical  instability 
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of  the  stereotaxic  instrument,  Wien  the  instrument  was  dis— 
manteled  and  reassembled  ten  times  and,  following  this,  the 
end  of  the  needle  was  returned  every  time  to  the  same  place, 
the  error  in  placement  averaged  +  three  mm;  with  repeated 
fixations  of  the 'head  of  the  animal  in  the  apparatus  and  suc¬ 
cessive  releases,  the  error  may  be  as  great  as  +  0.5  mm  in 
all  directions.  Individual  variations  in  the  Spatial  posi¬ 
tion  of  the  larger  formations' of  the  brainstem,  according  to 
the  materials  of  Reinoso  (85),  are  as  great  as 'two  mm,  and, 
according  to  the  data  of  loewenfeld  and  Altman,  as  much  as 

five  mm  in  a  given  direction,  . 

Prom  the  studies  of  Bradley  and  Elkes  (38)  it  can  be 
seen  that,  in  32  percent  of  cats,  considerable  variations 
may  be  observed  in  the  contours  and  dimensions  of  the  sbull 
and  brain.  Therefore,  after  concluding  an  experiment,  it . 
is  desirable  to  have  a  morphological  control  m  order  to  ren¬ 
der  precise  the  localization  of  the  tip  of  the  electrodes. 
This  control  permit s'  definite  determination  of  where  the  end 
of  the  electrode  was, 'which  structures  of  the  brain  were  sub¬ 
jected  to  stimulation,  and  from  which  structures  potentials 
were  recorded.  Moreover,  it  is  always  desirable  to  have  a 
description  of  the  pathomorphologic  changes  in  the  zone  of 
the  electrode.  In  order  to  determine  the  localization  ox 
the  tip  of  the  electrode  in  the  brain  tissue,  a  number  of 
methods  have  been  worked  out,  Por  example,  Kogan  (14 )  pro¬ 
poses  making  sections  through  the  hardened  brain  with .  a 
sharp  knife  in  the  direction  of  the  electrode,  which  is  left 
in  the  brain  in  order  t6  indicate 'the  direction  in  which  the 
sections  are  to  be  made.  However,  such  a  method  provides 
only  an  approximate ,  rough  orientation. 

More  suitable- is  the  method  of  "de si gnat ion _ of  the 
vertical  projection",  elaborated  by  Hess  (60).  This  method 
consists  in  the  fact  that  the  head  of  the  experimental  ani¬ 
mal  is  placed,  with  the  electrodes  left  in  it,  in  a  cold 
mixture,  frozen,  and  sawed' in  the  sagittal  plane.  The  me¬ 
dial  surface,  thus  exposed,  is  photographed  and  the  brain 
is 'then  thawed,  after  which  the  electrodes  are  withdrawn  one 
cm.  A  small  section  of  brain  tissue  is  removed  at  the  point 
where,  judging  by  the  direction  of  the  electrodes,  stimula¬ 
tion  or  destruction  occurred,  following  which  the  electrodes 
are  returned  to  their  previous  depth  and  photographs  are 
again  taken.  The  excised  section  of' brain  tissue  is  divi  e 
into  two  parts  with  a  horizontal  cut,  which  parts  are  placed 
at  the  time  of  photographing  alongside  the  brain;  the  planes 
with  the  photofilm  are  then  transferred  to  £?  superimposed 
upon7  the  photograph  of  the  medial  section  of  the  brain, 

“*  Suitable  for  marking  the  end  of  the  electrode  is  a 
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method  of  electrolytic  release  of  the  metal  from  the  end  of  ^ 
the  electrode  and  the  subsequent  demonstration  of  it  in  tne 
tissues  of  the  brain  with  specific  chemical  indicators  which, 
in  interaction  with  the  metal,  produce  a  staining  coloration. 
Thus*  it  is  possible  to  detect  the  place  where  the  end  of 
the  electrode  Was  by  the  staining  of  the  area  in  the  brain 
sections.  The  section  containing  the  stained  area  can  then 
be  identified  from  the  anatomic  atlas.  _  .. 

The  choice  of  indicator  and  the  color  of  the  stain 
depend  upon  which  metal  is  used  for  making  the  electrode. _ 

Thus,  for  marking  an  electrode  tip  of  iron  or  steel,  use 
made  of  a  color  reaction  for  the  iron' which  is  isolated  at 
the  anode  upon  electrolysis  and  which,  following fraction 
with- potassium  ferrocyanide  in  the  presence  of  ^roc^oric 
acid  Droduces  a  blu6  color  (“the  Berlin  /i*  e#  Prussian/  ol 
reaction )  (Hess  (60),  A.  B.  Kogan  (14)).  Por  indication  of 
the  tip  of  a  nickel  electrode,  the  indicator  uSed  is  dime  y 
Slycine  /“?  7,  which,  by  reacting  with  nickel,  forms  a  com- 
plex  salt  -  nickel  dimethylglycinate ,  which  has  a  bright 
orange  color.  This  reaction  is  very  sensitive.  It  is  nec- 
cessary  only  that  the  time  between  the  application  of  the 
SSSrt  Si  the  staining- of  the  section  be  as  short  as  pos- 

sible  (Gusel'nikov  (11)).  .  ,  .  ,  „  Tomafl 

Por  indication  of  capillary  microelectrodes,  leman 
(73)  recommends  filling  the  oapillary  with  electrolyte  con¬ 
taining  silver  nitrate.  After  finishing  the  study,  heating 
the  proximal  end  of  the  electrode  will  cause  Jhe  ele^roly 
to  move  from  the  capillary  into  the  tissues  of  ^e  brain, 
where  the  area  can  be  recognized  on  histologic  sections  by 
the  usual  reactions  for  silver.  Silver  nitrate  may  be  re¬ 
placed  as  the  electrolyte  by  a  solution  of  lead  chloride 
containing  ammonium  sulfide J  which  produces  the  blackly 

brqwn  Methods  may"be*used  only  in  acute  studies,  since, 

when  the  capillary  electrode  is  left  in  the  tiss' ue: 3 
than  20  minutes,  there  is  progressive  diffusion  of  the  , 

trolyte  into  the  surrounding  tissues,  For  studying  the  lo¬ 
calization  of  the  end  of  silver  electrodes  in  chronic  studies, 
use  may  be  made  of  a  similar  method  of  demonstrating 
deposited  in  the  tissues  by  the  electrolytic  method.  It  is 
also  possible  to  locate  the  tips 

macroelectrodes  in  nerve  tissue  with  the  aid  of  a  silver 

impregnation  method  developed  by  Andersen  (34).  brain 

A  quick  method  of  detecting  the  electrode  tip  ^  brain 
tissue  bv  silver  impregnation  is  reported  also  by  M,  . Scheibel 
and  A.  sSheibel  (93^.  This  method  produces  ^  very  pronounce 
microscopic  picture  in  the  zone  of  the  electrode  tip. 
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A  very  nice  method  for  localization  of  the  electrode 
involves  the  demonstration  in  the  brain  ties  hils 

electrocoagulation.  For  ml°noelectro  Venture  Hi  (80).  The 

teen  worked  out  by  * with  the  ends  of  bipolar  electrod- 

authors  destroy  the  tissue  with  electric  current  from  a 

es,  through^which  they pas: JL-ntiometer  with  condensers  ar- 
9P-volt  battery,  through  a tissue  is  effectuated 
ranged  in  parallel.  Jkfr  n^eter.  The  authors  present  a 
under  the  control  of  a  strength  of  the  cur- 

scale  for  the  relationship  betwe< 3n  the  ex¬ 
rent,  the  diameter  of  the  txp  o  destroyed.  For  example, 

posure  time,  and  the  area  of  ±n  diLeter,  a  current 

with  electrodes  6f  37  an  +ime  of  five  seconds,  an 

of  100  microamps,  and  an  exposure  tam^  *^ssae  measuring  200 
oval  area  of  necrosis  is  created  l  microamps  and  an  expo- 
hy  250  microns.  With  a- ourront  of  20  microam] ^“easnres  120  by 

sire  time  of  20  seconds,  a2!0h  thl  neSos*  is  most  pro- 

ioSnoefSe^thrsteSed  lnd  their  identity  determine  d  with 

the  use  of  the  atlas. 

Electrodes 

Ihe  development  and  progress  of  the^stereotaxic^me 

thod  has  been  closely* 5°  micr^le?trodef.  Electrodes 

technology,  especiaily  that  of^or^  for  -the  subcortex, 
have  been  de ve lope d  f or  Jf;  ,  are  aiso  called  deep  elec- 

The  electrodes  for  the  ^cortex  diameter  must  be  sturdy 
trodes.  Beep  electrodes  of  ^mmurn  Jiame_^  through  the 

and  must  not  be '  de|?ncl  tfclse  electrodes  must  serve  not  only 
brain  substance.  Since  me  hut  also  for  stimulation  of 

for  the  recording  of  ^^ey  must  not  have  a 

the  various  structures  ox  ^he  brain,  ^Juction  in  the  dia- 
large  internal  supporting  « '  ±±  in  the  amount  of 

meter  of  the  electrode  leads  precision  of  lo- 

damage  done  to  the  brain  narticular  signifiOance  is  a 
calization  of  recording.  P  electrodes,  which  must 

strong  insulating  cover ^forf the  dee^electroa  0>igjLnally 

also  permit  sterilization  of  th  g  insulating  tubes 

the  electrodes -were  Placed  in  fi  gl  ■Saamei  coating  was 

(Bekhterev  (4),  Horsley  0114  with  the  tip  left 

soon  race seized  as  beil dg  more  ^u 1 Vyptal,  dnd 
uncoated.  Gum  lacquer^  P  insulating  substances.  A 

particularly6 good  method  6f  ^a®rJa|sls|sein°SpeItedSdip- 
SngfS^ellfcSiSnn  a  chloroform  solution  of  plcxi^ass 


The  material  dries  quickly  and  creates  a  uniform,  durable 
film,  immersion  of  the  electrodes  in  a  solution  of  photo¬ 
graphic  film  in  acetone  also  produces  a  durable  and  elastic 
insulation*  These  substances  do  not  incite  any  untoward  Re¬ 
actions  in  the'  brain  tissues  contiguous  to  the  electrodes. 

Hess  (60)  deserves  credit  for  the  clever  method  of 
checking  the  insulating  properties  of  electrodes  by  observ¬ 
ing  the  process  of  gas  formation  during  application  of  a  weak 
direct  current  to  the  electrode  while  it  is  immersed  in  salt 
solution;  In  the  presence  of  disruptions  in  the  insulating 
material,  the  release  of  small  gas  bubbles  above  the  discon¬ 
tinuity  is  observed. 

Two  types  of  deep  electrodes  are  in  use :  the  needle 
type  and  the  capillary  type.  At  first,  a  platinum-iridium 
alloy  was  used  as  the  material  for  making  electrode  needles. 
However,  Hess  did  not  believe  that  there  were  spedial  advan¬ 
tages  of  platinum  electrodes  over  steel.  In  .1934)  Hanson 
constructed  electrodes  out  of  nichrome  wire.  Kogan  used  fine 
wires,  to  the  tips  of  which  he  fastened  platinum  or  silver 
sHVG!TS 

An  effective  method  is  that  of  the  electrolytic  cover- 
ing’of  the  tips  of  the  electrodes  with  gold,  nickel,  or  sil¬ 
ver,  The  necessity  of  processing  the  electrode . stems  in  the 
same  way  can  be  circumvehted  by  the  use  of  chemically  inert 
metals  (nickel,  nichrome,  constantan,  silver,  stainless  steel, 
molybdenum,  tungsten).  These  metals  do  not  exert  a  deleter¬ 
ious  influence  on  the  nervous  tissue  and  are  not  themselves 
subject  to  corrosion. 

In  1928,  Bronk  (39)  reported  on  the  use  of  dee£>  elec¬ 
trodes  made  in  the  form  of  hollow  needles  with  a  core*  Such 
concentric  deep  electrodes  of  the  needle  type  are  now  used 
in  one  modification  or  another  in  the  majority  of  investiga¬ 
tions.  The  most  ektensively  used  are  the  electrodes  develop¬ 
ed  by  Delgado  (51).  The  material  for  their  manufacture  con¬ 
sists  of  wires  of  stainless  steel  0,05  mm  in. diameter,  cov¬ 
ered  with  four  wrappings  of  teflon.  Erom  this  w/ire,  segments 
of  different  lengths  are  made.  The  ends  of  the  separate  wires 
are  left  bare  for  a  distance  of  one  mm.  Then  six  such  elec¬ 
trode,  wires,  taken  together,  are  immersed  in  dilute  plexi¬ 
glass  in  such  a  way  that  distances  of  three. mm  are  left  be¬ 
tween  the  ends  of  the  separate  wires  (see  Dig.  4)*  Ihe  elec¬ 
trode  bundle  is  then  coated  with  a  thin  coating  of  polyethy¬ 
lene.  To  the "free  ends  of  the  electrodes  are  attached  re¬ 
cording  leads.  These  electrodes  may  be  left ’implanted  for 
very  long  periods  of  time  (one  to  two  years). 
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With  the  exception  of  one  ai  .at  the 
tip,  Each  ’./ire  is  led  out  through  an. 
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tricaX  potentials  along  the  course 
of  the  electrode  channel  at  different 
depths  in  the  brain, 

'  radio y  and  Sikes  (30  used  ; 
electrodes  made  of  two  segments  vof 
'.stainless .  steel  0,02  jrfe  in  diameter 
with  fine  electrolytic  tips  .20  V\i- 
ofons  in'  diameter.  The:  electrodes 
here  covered  with  a  lacquer  -insula-  ; 
tiLoii,  with'  subsequent'  therfcal  'pro* 
ceasing, 

fhsse  same:  steel  needles'  hate 
been  used  in  the  investigations  of 
'.:2oytbak  (23),  In  a  number  of  other 
•experiments 'he  used  constants?!  v 'ires  ■ 

■  CO  microns  -in  diameter, 

V  '.u  ■  (  ...  f  ,.t  ....  ;'run  and  Emerson  (41)  report 

bn  a  simplified  non-irritating  electrode  for  .chronic  inser¬ 
tion  in  the.  subcortical  regions  of  the  dog  brain.  She  ' 
needles  of  .  the  electrodes  are  made  of  nichror.ie  covered with '. 
a"  thermoplastic  enamel  with  an  'interelectrode  distance  'of 
tv-o  to  three  mm.  She  insulation  is  nine  layers  thick,  da- 
dilbac  and  lassouant-kontaine  (43)  used  deep  electrodes  in 
the  form  of  hollow  steel  casings  with  pointed,  ends  covered 
'•with  lacquer  insulation,  The  diameter  of  such  a  casing  is 
0.6  mm.  Within  the  casing  is  inserted  an  insulated  steel  h 
or  mi  chrome  wire  which,  protrudes  0,5  mm  beyond  the  .end  of  ,. 
the  casing.  ..  ...  ■  Pdf  g  ' .  -p 

Whittier  and  kettler  (105)  used  concentric  electrode’s 
with  cores  of  tungsten  insulated  with  glass  threads  and 
covered  with  a  sheath  of  fine  nickel  tubing. 


Shis  sheath 


was  in  turn  covered  with  four  layers  of  insulation. 
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Microelectrodes  may  be  capillary  or  metallic.  Capil¬ 
lary  microelectrodes  have  a  covering  of  insulation  and  a  con¬ 
tact  the  diameter  of  which  is  measured. in  microns  or  P^rts 
of  a  micron.  They  are  used  for  recording  potentials  of  the 
brain  in  acute  studies  and  permit  recording  the  electrical 
activity  of  single  nerve  cells  and  even  of  parts  of _a  nerve 
cell.  Capillary  microelectrodes  are  produced  from  fine 
glass  tubing  by  drawing  apart  the  ends  of  the  tubing,  ha 
large  tube  is  filled  with  tubes  of  smaller' diameter  and  this 
aggregate  is  then  drawn  in  the  same  manner,  it  is  possible 
to  produce  a  multichannel  capillary  microelectrode  ( Vis 
(103)).  The  capillaries  are  filled  with  an  electrolytic  so¬ 
lution  of  potassium  chloride  or  an  easily-fused  alloy  of  m- 
dium'and  lead  (Vis  (103)?  Caldwell  and  Downing  (44)).  How¬ 
ever.  capillary  micro electrodes  have  a  very  high  internal 
resistance  (up 'to  40  megohms),  and  hence,. for  the  recording 
of  biocurrents,  a  strong  preliminary  amplification  is  needed. 
Moreover,  with  prolonged  retention  of  the  microelectrodes  m 
the  nervous  tissue,  there  is  inevitably  a  diffusion  of  the 
electrolyte  from  the  capillary.  In  connection  with  this,  lor 
experiments  involving  prolonged  recording,  such  types  of 
microelectrodes  cannot  be  used.  The  needle  electrodes  are 
better  for  this  purpose.  The  advantages  of  the  needle  micro¬ 
electrodes  consist  in 'an  extraordinarily  small'amount  of 
tissue  traumatization,  considerable  elasticity,  and  the  pos¬ 
sibility  of  using  them  for  re cording 'both  the  respiratory 
and  the  pulsatile  waves  in  the  brain. 

In  the  literature,  descriptions  are  given  of  needle 
microelectrodes  made  of  tungsten  (Kogan  (13),  Hubei 
of  stainless  steel  (Li-Chon-lon  and  Jasper  (74)),  and  of 
nickel  or  nichrome  (Gusel’nikov  (11)).  In  order  that  the 
microelectrode  may  have  the  smallest  possible  diameter,  it 
is  processed  in  a  mixture  of  nitric .and  hydrochloric  acids 
or  it 'is  sharpened  by  an  electrolytic  method.  By  this  . 
means,  the  tip  of  the  electrode  may  be  given  a  highly-varied 
configuration  and  any  degree  of  sharpne ss ,  Thus,  Kogan 
produced  microelectrodes  with  diameters  of  three  to  fiv^ 
microns  and  Hubei  produced  some  with  a  diamter  of  one  mi¬ 
cron  and  even  less.  The  micro electrodes  may  be  used. for 
recording  potentials  from  different  areas  of  the  corbex  as 
well  as  from  the  subcortex.  Depending  upon  this,  only  their 
arrangement  and  degree  of  reinforcement  need  be  varied.  A 
detailed  description  of  the  micromanipulator  and  the  head¬ 
holding  device  used  in  microelectrode  experiments  is  given 
in  the  works  of  Kogan  (13)  and  Baumgarten  (35)  and  others. 
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•  -2he  .-recording-  of  bioelectric  potentials  iron  vari  ous 
:  cortical  z ones,  especially  in: chronic  experiments,  requries 
.rarinun  approximation  of  the  recording  electrode  to  the 
surface  of  the  brain.  Attempts  to  record  potentials  through 
.•/the  imperforate  s?cin  inevitably  lead  to  the  production  of 
artifacts  in  connection  with  the  recording  of  rauscle cur¬ 
rents,  which  in  animals,  it .  is  extremely  important  to  eli- 
hiainate,;  Even  secure  fixation  of  the  heads  of  animals  does 
:  not  eliminate '  these' .'currents,  A  method  has  been  described' 
of  putting  a  needle  into  the  skull  bone  before  each  experi¬ 
ment,  Shis’  needle  is  insulated  throughout  its  entire 
length  with  the  exception  of  the  tip.  Such  needles  serve- . 
as  coriteal  recording  electrodes  { Sahhiulina ,  (30)),  A 
number  of  investigators  have  proposed  special  couplings 
:  which. .  can  be  screwed  into  the  trephine  hole  in  the’ shall,- 
Into  these  couplings  are  inserted  sleeves,'  at  the  ends  of.  ;• 
which  tli ere  are  flat,  elongated  plates  which  are  applied 
directly  to  the  dura  mater  of  .the-  brain,  . 

Use  may  be  made  of  thin,  pliable  surface  electrodes 
.  which  transmit  the  -  pulsatile  waves'  of  the  brain.  It  is  . 
possible  also,  by  a  twist  of  the  sleeve,  to  move  the  flat, 
eccentrically  situated  contacts  of  the  electrode  around 
the  restricted  area  of  the  cortex  within  the  limits  of  the 
,  diameter  of  -the  trephine  hole  (Hogan),  ,  A  cortical  elec¬ 
trode  in  the  form . of  a special  cell  with  wins  for  contacts 


has  been  described  by 'Gurevich  (9,  10)  and  LaptevJ,  17,18). 

An  electrode  may  also  be  made  with  a  screwxnsertedthrough 
the  skull  above  the  zone  of  Projection  of  the  cortical  ana 
lvzer  which  is  to  be  studied  (Khvoles  (3Q»  3f)  Ji 

For ' recording  pbtentials  in  different  spheres  of 
the  oortex.^se  tea  been  made  of  electrodes  of  the  needle 
type  which  are  inserted  into  the  cortex  to  the  ^ 

rtoTh+Vi  Thp  nrinciple  of  their  construction  does  not  dill er^ 
f??m  that  o/the  deep  electrodes  used  for  the  sub  cortex.  The 
length  of  the  electrodes  is,  of  course,  different. 

In  the  literature  there  are  descriptions  of  cortical 
plate  electrodes  which  aresmall  polychlorvinylshees 
•Hrrou °h  which  fine  wires  of  stainless  steel  with  lounaea 
tSs  ^e  passed!  After  trephine  holes  are  made  In  the  stall, 
the  electrodes  are  inserted  into  the  space  between  the  d 
mater  and  the  skull  and  are  secured  with  sutures  the  edg 
of  the  trephine  hole  (Delgado  (50).  Bradley  and  Elkes  (3  ) 
have  constructed  electrodes  for  -the  cortex  from  small  ! silver 
balls  which  are  secured  at  the  required  place  with  the  aid 
nf  screws  made  of  stainless  steel  and  screwed  into  the  skull 
hone.  Down  the  centers  of  the  screws  are 
insulated  conductors  can  be  passed  and  3°in6do^°QJh? 
balls.  The  screw  may  be  used,  if  necessary,  as  an  mdif 

ent  eiectrode.  secured  with  the  above-mentioned 

sleeves  o?  other  devicS,  and ‘cemented  with  dental  cement  or 
with.Vplastic  acrylic  material.  Our  me £ical  industry 
ces  a  self-hardening  plastic  of  the  AST-2  Jype.For  g  a 
tion  of  the  electrode,  it  is  ne ce ssary  in  advance  ^o  dry 
channel  of  the  trephine  hole  and  to  Place  in  it  a  gick  mix_ 

ture  of  monomer  and  polymer.  For  quick  tamo  on 

cn raMe  to  atrplY  to  the  hardening  mixture  a  cotton  tampon 
moStened  wSh  sterile  hot  water.  After  five  to  eight  min- 
£he>  treohine  hole  is  closed  with  a  very  strong  plexi¬ 
glass  filling  through  which  electrodes  can  be  inserted  into 

the  brafe  free  ends  of  the  electrodes  ^ 

ini  nine  to  the  recording  apparatus  or  to  the  stimulatory 

appaST  ISlSng  ?he  free"  eSL  out  g^tS? ve 

incision  and  leaving  them  free  causes  great  difficulties  ana 

exposes  them  to  damage.  4esoribed  by  Delgado  (50, 

51)  and^raSe^nlVlIes  (38).  This  method  consists  ih  the 
fact  that  all  the  recording  leads  are  led  The 

through  separate  incisions  m  the 

incisions  are  then  sutured  around  the  leads.  Miniature 
sockets  are  then  affixed  to  the  free  ends  of  the  leads. 
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Through  the  vertebral  column  of  the  animal  an  apparatus  IS  ^ 
i-hpn  secured*  onto  which  the  socket  is  fastened  and  fixe  • 

“ Sf  exp eXent  the  contact  is  fitted  into  the  socket, 
thereby  joining  the  electrodes  to  the  recording  apparatus. 

to  SSl'g  /afo 

-^!S£sft^f’suoh 

3  meth°Mo?f  reliable  iSVSKS  o^sSSs  the  oo^utation 

WT 25  £82.1*3!  fizgig  gf 

electrodes  is  screwed  with  st:alI11®^tSQje^h305evice  with  the 

cal  processes  in  the  brain*  Especially  gr  P  .  ^ 

brought  out  to  the  surface  f  0Jh?0S  of  a  rate?  transmitter, 
then  placed  within  the  fie  1  electrodes  which 

an  eleotric  current  will  be  gn^ated  Jhe  eleo- 
will  stimulate  the  appropriate  parts  of  the  Dram 

by  B'yerno  (30)).  crystalline  germanium  device  of 

small  dSSSnifthe^ads  f?om  which  are  at gohe^to  ™ rves, 
muscles,  intestines,  and  other  organs.  ^  ™®era_ 

iiit^ntoTp 

es^Sn^  nervous  system  ^ 

in  animals^which  ™ve_ab  (57)^^  stereotaxic  metho^ 

inserted  into  the  brains  of  mice  electrodes  J  Je^gSe 

S2™1  SfldT/SSai^fo^ncles  . 

^oo^yf  MSSnoI  ?rbSaXSoftSeaSSs. 

and,  ao“““a®0y|inil  prench  (102)  worked  out  a  scheme  for 
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radio  reception  of  the  impulses  for  stimulation  of  the  brain. 
The  reduction  in  the  clearance  gauge  of  the  apparatus  mount¬ 
ed  on  miniature  semiconductors  makes  it  possible  to  utilize 
a  receiving  apparatus  under  the  skin  and  permits  stimulation 
of  animals  at  a  distance  of  25  meters  from  the  transmitter* 

Experimental  Brain  Injuries  with  the  Use  of  the 
Stereotaxic  Method 

The  insertion  of  electrodes  with  the  aid  of  the  stereo¬ 
taxic  apparatus  into  certain  areas  of  the  brain  is. carried^ 
out  not  only  fot  purposes  of  stimulation  or  recording  bioelec— 
trical  activity,  but  also  for  damaging  these  structures. 

Selye  and  Yerzhi  produced  lesions  in  the  optic  tuber¬ 
cles  of  dogs  by  application  of  an  electric  current  to  bipolar 
electrodes,  With  resultant  clearly  defined  and  sharply  local¬ 
ized  lesions.  Horsley  and  Clark  (64),  in  their  classic  ex¬ 
periments  with  stereotaxic  apparatus,  also  produced  localized 
injury  with  the  aid  of  electrolysis  at  the  cathode*  It  has 
been  observed  that  lesions  produced  at  the  cathode. are  ordi¬ 
narily  more  marked  than  at  the  anode,  and  have  an  irre gular 
shape  because  of  the  gas  which  is  formed  upon  electrolysis. 

The "amount  of  brain  tissue  destroyed  is  proportional  t6  the 
magnitude  of  the  current  passed  through  the  electrodes,  . 

This  is  characteristic' of  the  first  seconds  of  exposure  to 
the  current,  but  later,  with  prolongation  of  the  exposure,  . 
the  extent  of  injury  does  not  increase  in  proportion. to  the 
magnitude  of  the  current  nor 'to  the  time  of  its  application, 
lesions  at  the  cathode,  thus, ’are  irregular  in  shape  and 
should  be  computed  in  advance.  . .  _ 

Whittier  and  Mettler  (105)  created  electrolytic  les¬ 
ions  at  the  cathode  in  nuclei  of  the  brainstem  in  80  monkeys 
and  illustrated  how  variable  are  the  lesions. which  are  obtain¬ 
ed.  These  investigators  stated  that  it  is  impossible  to 
anti cipate  the  shape  and  size  of  the  lesions.  A  current  of 
high  voltage  may  have  no  advantages  over  direct  current,  and 
lesions  created  by  stich  a 'current  are  not  confined  to  the 
tip  of  the  electrode,  due,  among  other  things,  to  the  fact 
that  there  is  intense  gas  formation  in  the  zone  of  electro¬ 
lysis.  ^  ... 

leontovich  (20)  proposed  using  monopolar  electrolysis, 

with  the  active  electrode  at  the  anode,  in  order. t6  coagu¬ 
late  nuclear  formations  in  the  brainstem.  In  this,  she  ob¬ 
served  well  defined  and  clearly  delimited  foci  of  dry  coa¬ 
gulation  necrosis  due  to  dehydration  of  the  tissues  upon, 
passage  of 'the  current.  Gas  formation  with  this  method  is 
negligible,  and  the  dimensions  of  the  foci  of  necrosis 


20 


produced  at  the  anode  depend  on  the  magnitude  and  duration  of 

the  current  and  may  be  calculated  in  advance.  caused  bv 

v  flpfined  necrosis  of  brain  f issue  is  caused  0/ 

the  hnpfStion  of  glass  capillaries  filled  with  radon  gran¬ 
ules.  ^According  to  the  findings  of  Edward s_ and  Bags  <54^, 

„n-  -t-u  n  flnsp  oi  one  milli curie  of  radioactivity ,  there  are 
foci  of  necrosis  four  mm  in  diameter,  ^hormaineorosismay 
be  elicited  with  the  use  of  electrodes  of  thermocautery 

tvne  or  by  heat  induction  in  implanted  steel  magnets, 
type  woyne  literature  there  are  reports  on  a  method  of 

-n-rnriiio-ine:  local  leSions  with  a  narrow,  directed  ultrasbnic 
beam  (LyL,  Zwemer,  Chick  and  Bailer  (76),  aM  others;,  and 
on  a  method  of  producing  radionecrosis  ^ 

arpae  of  the  brain  with'X-rays  m  a  dose  of  2850  r^ltusseii, 

TsH.ll  son,  Tansley,  (92)).  Of  considerabiepromiseis^theuse, 
for  destruction  of  subcortical  nuclei, 

beams  oriented  transver sly  with  th e  at ®XSni  nScroSf  by 
A  method  has  been  reported  for  inducing  neorpsis  uy 

mechanical  means,  using  a  cannula  with  J  ^°°aa^  ^  which 

+f,.Mr,£j  4-v,e  -trochar  there  is  removal  of  nervous  tissue,  wmcn 

depends  on  the  direction  of  the  cannula  arid  the  angle  o  ro- 

-fcation  of  the  cutting  destruction  or 

stimulation  of  certain  nuclei  of  the  br^nbyinDeoingino^ 
them  chemical  substances  which  cause 

rolvtio  substance,  one  can  use  zinc  chloride,  chromic  aoia, 
silver  nitrate,  mercuric^ chloride,  aluminum  ^ydroxi  e,  1  - 

■hni  c^nlntions  of  novocame,  and  so  forth*  numoe 
thors  iniect  these  substances  through  needles  or  cannulas  _ 
oriented.3 with,  the  stereotaxic  apparatus  toward  the  appropri¬ 
ate  should  also  be  made  of  a  method  f or  _ destroying 

the  strio-pallidary  system  by  the  intraper it oneal  in potion 
^  menffonese  chloride.  In  addition,  along  with  destruction, 
of  these  regions' of  the  subcortex,  lesions  have  been^noted  in 
the  pons  vlSlii,  cerebellw  and  spinal  cord,  and  also  m  the 
"Hvpr  ( Carnenfor  and  ^Jhiftiior  (45))*  . 

According  to  the  findings  of  Sasal 

aulfide *  vapors  cause  destruction  preponderantly  in  the  basal 
nost  constant  lesions  appearing  in  the  striatum 

and  the  pallidum.  stereotaxic  apparatus,  Traczyk  (101)  lm- 
-i oys+g  a  polyethylene  cannula  in  the  lateral  ventricles  of 
dogs.  This  method  ensures  precise  and  predictable  lnser^o 
of  the  tip  of  the  cannula  into  certain  areas  of  the  laterai 
vpntricles  of  the  brain,  and  is  deserving  of  attention  in 
connection  with  the  fact  that  methods  of  perfusion  of  the 
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i  ventricles  of  the  brain  and  of  the"  introduction  into  them 
.  of'  .fluid ’  "sub stance  s  are  being  used  ,  more  and  more  in  physiol 
ogy  and.  pharmacology,  >  h;h 

Prom  t!ie  findings'  in  -the  .literature,-  it  is  apparent 
that  physiologists  non  have  at  -their  disposal  'sufficiently 
reliable"  methods  of,  selective  "stimulation  and  destruction 
of  certain  regions  of  the  brain,  Improvements  in  the  con¬ 
struction  of  electrodes  and  in  the  stereotaxic  method  have 
.provided  the  technical  basis  for  recording  bioelectric  pro- 
"  cesses  in' nerve  centers,  individual  nerve  cells,  and  even 
parts  of  nerve  cells,  -thereby  facilitating  a  precise  neuro¬ 
physiological  analysis  of  their  activity.  '••■.These methods, 
in  combination  with  the  method,  of  conditioned'  reflexes,  af¬ 
ford  -the  opportunity  to  discover  the  s i gnificance  of  differ 
ent  nuclear  complexes! of  the . brainstem  and  their  position 
in  the  system  of  cortical  analysers,  -.  C  •  ! 


StereoeneSphalotomc,  with  a .device  for  ven 


■trietild^aphy,  constr 
leacock si  -  movable 


acted  by  Becker,  rounds,  and 
cassette  for  -taking  roentgeno¬ 


grams;  2  and  3  -  apparatus  for  fixation  of  the  slmllj 
4  -  electrode  holder j  a,  b,  and  c  -  Indicators  of  the 
basic  planes  of  the  instrument, . 


The  achievements  of  the  stereotaxic  technique  in  ex¬ 
periments  on  animals,  improvements  of  the  apparatus,  and 
increasing  precision  in  the  insertion  of  electrodes  into 
thp  desired  zones#  have  16d  clinicians  *to  the  idea  ox  usi  g 
the  sterebtaxlc  principle,  and  of  constructingstereocaxio 
apparatus,  for  performing  operations  on  the  subcortical 

struottos^people.^'  stereot  xlo  apparatuses 

have  already  been  developed  for  use  on  people  and  are  called 
"stereoencephalotomeS,"  Reports  on  suchinStrumentshave 
been' made  by' Spiegel',  Wycis,  and  fcks'  Hayne  and  ^ ejers 

(58),  Becker,  Pounds,  and  Peacock  (37),  Richter  (8b J  ana 

°therS* Orientation  in  these  apparatuses  is  effected  not  on 

the  bones'  of  the  skull  but  on  the  "null  Planes  °l?orsely 
and  Clark,  and  on  intracerebral  structures,  the  horizontal 
"null w  plane  being  established  with  the  aid  of  roentgen 
p?oiectionS  along  lines  passing  through  the  anterior  and 
posterior  commissures  of  the  brain*  Some  authors  or  e 
themselves  on  the’massa  intermedia  or  on  the  center  of^the 

foramen  of  Monroe.  The  positions  of  the m chter 
out  from  a  stereotaxic  atlas  for  the  human  brain,  R^hier 
has  for  a  long  time  used  the  phan  com  Principle  ^  ^termin 
ins  the  positions  of  the  desired  subcortical  structures. 
Especially  good  analyses  of  the 'methods 1  s|“^nce] phST 

Ml  S/SSS&S  r&ranrCial^  Ind’Talai- 

rach  cancer  of  the  pituitary  and^of  oertain 

other  regions  of  the  brain,  neurosurgeons  use  the  stereotax 
io  method  to  insert  radioactive  isotopes  into  ^e  brain,  an 
to  establish  prolonged  drainage  from  the  Posterior 
the  third  ventricle  into  the  lateral  cistern,  or  from  its 
anterior  portion  into  the  basal  cistern,  m  hydrocephalus. 

At  the  First  International  Congress  of  Jtfeurol06ical 

Sciences  in  Brussels,  in  1957,  surgical 

given  to  the  use  of  the  stereotaxic  method  .f or  the 
treatment  of  a  number  of  disorders,  including  Parkinson  s 

disease^ )*egtruotion  of  the  nuciei  of  _ the  stnopallidary 

system  by  electrocoagulation  or  by  chemical  neurolysis  (~ 
cohol,  novo caine)  for  the  most  part  ensures  a  stable  reduo- 
tion  in "the  rigidity,  tremors,  and  other  symptoms  of  this 
disSaS.  The  Sdifiin  to  the  ’ neurolytic  substance  of  a  con- 

trast  medium  permits  demonstration  of  the  silhouette  of  the 

zone  6f  nuclear  destruction  and  regulation  ofthotoeree 
Ivsis  At  present,  this  method  of  treatment  is  being  used 
extensive ly^in  the ’ Soviet  Union  as  well  as  abroad. 
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